
V 

I 

BELLCOMM, INC. 
955 L'm*NT NORM, SW. WASHNGTON, D.C 20014 

COVER SHEET FOR TECHN I C A L  MEMORANDUM 

TITLE- Command Problems on AS-202, 
AS-501 and AS-204/LM-1 M i s s i o n s  

N 
U1 

N F I L I N G  CASE NO(S)- 320  N vl 
I- a m  

I doI 
0 u * F I L I N G  SUBJECT(S)- 
b G -  
z 3 -  ( A S S I G N E D  BY AUTHOR(S)-  

0 
ABSTRACT 

m 

TM-68-2034-11 

DATE-December 31, 1968 

AUTHOR(  s)- I. I .  Rosenblum 
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t h e  AS-202, AS-501 and AS-204/LM-1 m i s s i o n s  are reviewed. 
b r i e f  d e s c r i p t i o n  of  t h e  command sys tem c o n f i g u r a t i o n  f o r  
e a c h  m i s s i o n  i s  g i v e n .  The command sys tem per formance  d u r i n g  
f l i g h t  i s  examined and summarized i n  t a b u l a r  form t o  i n d i c a t e  
t o t a l  command words a t t e m p t e d  from e a c h  s i t e  w i t h  b o t h  USB 
and UHF s y s t e m s ,  and r e s u l t s .  S p e c i f i c  command svsten: problems 

p o s t - f l i g h t  r e p o r t s .  
v l d e d  by tnese  m i s s i o n s  i s  g i v e n .  
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A summary o f  command e x p e r i e n c e  p ro -  

Performance d a t a  i n d i c a t e  t h a t  t h e  o v e r a l l  commacd 
word p r o b a b i l i t y  o f  s u c c e s s  i s  a p p r o x i m a t e l y  9 9  p e r c e n t .  T h i s  
r e v i e w  shows t h a t  hardware f a i l u r e s ,  o p e r a t o r  e r r o r s  and sys tem 
and p r o c e d u r a l p r o b l e m s  were e v i d e n t  which can  be  e x p e c t e d  t o  
d e c r e a s e  w i t h  a d d i t i o n a l  t r a i n i n g  and  e x p e r i e n c e .  
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SUBJECT: Command Problems on AS-202 , AS-501 DATE: December 31, 1968 
and AS-204/LM-l Miss ions  
Case 320 FROM: I .  I .  Rosenblum 

TM: 68-2034-11 

TECHNICAL MEMORANDUM 

I.  I N T R O D U C T I O N  

Many command system p rob lems  a r o s e  d u r i n g  t h e  A.pollo 
m i s s i o n s  AS-202, AS-501 and AS-204/LM-l; t h e s e  problems r a i s e d  
i s s u e s  c o n c e r n i n g  t h e  r e l i a b i l i t y  and adequacy of t h e  command 
sys t em d e s i g n  f o r  f u t u r e  o p e r a t i o n s .  A s  p a r t  of a g e n e r a l  i n -  
v e s t i g a t i o n  by Bellcomm, t h e  command s y s t e m  e x p e r i e n c e  of t h e s e  
m i s s i o n s  was rev iewed and t h e  per formance  d e t e r m i n e d  w i t h  t h e  
f o l l o w i n g  r e s u l t s .  

11. AS-202 Miss ion  

The command sys t em e x p e r i e n c e  on AS-202 was l i m i t e d  
because  : 

1. t h e  f l i g h t  d u r a t i o n  was s h o r t  ( b a l l i s t i c  s h o t ) ,  

2 ,  o n l y  2 s t a t i o n s  were i n v o l v e d  w i t h  a c t u a l  commands, and 
- 
j, W i i l J  h)? -1 .. 9 '"?I?F r e a l  tiiiie command worGs wer'e sent. 

O f  t h e  command words s e n t ,  1 was s u c c e s s f u l  and 8 were 
u n s u c c e s s f u l .  The ma jo r  command sys t em d i f f i c u l t i e s  were: 

( a )  command f a i l u r e s  a t  UHF which were a t t r i b u t e d  
to a s p e c i f i c  hardware problem ( i m p r o p e r  t o n e  
f r e q u e n c i e s ) ,  

( b )  hardware and p r o c e d u r a l  problems which 
o c c u r r e d  w i t h  t h e  USB equipment  even  though  
no f u n c t i o n a l  command t e s t i n g  was u n d e r t a k e n .  

111. AS-501 Miss ion  

The AS-501 m i s s i o n  p r o v i d e d  e x t e n s i v e  e x p e r i e n c e  w i t h  
b o t h  t h e  UHF and USB command s y s t e m s .  I n  b r i e f :  

1. The m i s s i o n  covered  3 o r b i t s .  

2 .  1 0  s t a t i o n s  p a r t i c i p a t e d  i n  e x e r c i s i n g  t h e  command 
s y s t e m .  
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3. A t  UHF,99 command words were t r a n s m i t t e d  t o  t h e  CSM. 

4 .  V i a  USB 1 4 3  command words (12, 2 2  and 30 b i t )  were 

S i x  (6) were n o t  p r o p e r l y  r e c e i v e d .  

t r a n s m i t t e d  t o  t h e  CSM. Seven ( 7 )  were not. p r o p e r l y  
r e c e i v e d .  

5 .  V i a  USB 5802 command words ( 3 5  b i t  f l i g h t  and t e s t  
words)  were t r a n s m i t t e d  t o  t h e  SIVB/IU. Nine (9) 
were n o t  p r o p e r l y  r e c e i v e d .  

6 P r i n c i p a l  comm3nd sys t em problems i n r j i  ~ ~ t ~ i i  ~ ~ T e y ~  : 

( a )  h a r  lware f a i l u r e s ,  

( b )  o p e r a t o r  errors ,  

( c )  i n s u f f i c i e n t  o p e r a t o r  t r a i n i n g  and i n s t r u c t i o n .  

I V .  AS-20h/LM-1 Miss ion  

The AS-204/LM-1 m i s s i o n  r e s u l t e d  i n  a d d i t i o n a l  U H F  
command sys tem e x p e r i e n c e  and t h e  r e p e t i t j o n  G f  some o f  t h e  
same t y p e s  o f  problems observed  p r e v i o u s l y .  I n  summary: 

1. MSFN s i t e s  were i n  c o n t a c t  w i t h  LM-1 orSIVB/IU d u r i n g  
5 o r b i t 2 1  passes.  

iri e j ; ~ I > < ; ~ s i p <  . *  i'?ii , ,  ,-,-:,-,r,-; ' 
L .  y, e ve i;i t & t i 3 ;-i art i c 2 a+ " b  ;7r d ' " i l L  buLiLlildhi-i 

sys tem ( o n l y  a t  U H F ) .  

3 .  A t o t a l  o f  686 words ( 1 2  and 2 2  hits) were traiismit,tc:il 
t o  t h e  LM-1. T h i r t y - s e v e n  ( 3 7 )  were n o t  verified a s  
b e i n g  r e c e i v e d .  

4 .  A t o t a l  o f  1 4  words ( 3 5  b i t s )  were t r a n s m i t t e d  t o  
t h e  SIVB/IU. Seven ( 7 )  were n o t  v e r i f i e d .  

5 .  P r i n c i p a l  command sys t em problems i n d i c a t e d  were:  

Hardware f a i l u r e s  i n  MSFN network equipment .  

s i g n i f i c a n t l y  i m p a i r e d  command s i g n a l  r e c e p t i o n .  

( a )  

( b )  A LM s p a c e c r a f t  f a i l u r e  i n  t h e  UHF RF c i r c u i t r y  

( c )  O p e r a t o r  e r r o r s .  

( d )  System and p r o c e d u r a l  problems.  

( e )  S t a t i o n  coverage  l i m i t a t i o n s .  
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V. R e s u l t s  

The p r i n c i p a l  r e s u l t s  d e r i v i n g  from t h e  r e v i e w  of 
command s y s t e m  per formance  on these  three m i s s i o n s  a re :  

1. 

2.  

3. 

4. 

The o v e r a l l  command word ' b r o b a b i l i t y  o f  succesd '  i s  
a p p r o x i m a t e l y  99%.  Dur ing  t h e  t h r e e  m i s s i o n s  con- 
s ide red ,  a t o t a l  of 6753 s t r u c t u r e d  ( 1 2 ,  2 2 ,  30 o r  
35 b i t )  words were commanded and a t o t a l  of  6 9  command 
words were n o t  s u c c e s s f u l .  

Hardware f a i l u r e s  
ments ,  c a p a b l e  o f  a d v e r s e l y  a f f e c t i n g  command 
sys t em o p e r a t i o n  were i n d i c a t e d  on a l l  t h r e e  m i s s i o n s .  
Many o f  t hese  problems,  however, Mere a s s o c i a t e d  w i t h  
t h e  UHF command s y s t e m  which i s  n o t  p l a n n e d  t o  b e  used 
on f u t u r e  Apol lo  l u n a r  m i s s i o n s .  The USB command 
equipment e x h i b i t e d  c h a r a c t e r i s t i c s  o f  hardware m a t u r i t y .  

Many problems i n  commanding were t r a c e a b l e  t o  
o p e r a t o r  e r r o r s  stemming from s e v e r a l  c a u s e s  i n c l u d i n g  
i n c o m p l e t e  p r o c e d u r e s ,  i n s u f f i c i e n t  t r a i n i n g  and un- 
f o r e s e e n  c o n s t r a i n t s  i n  s u p p o r t i n g  m i s s i o n  o p e r a t i o n s .  
a d d i t i o n a l  m i s s i o n  e x p e r i e n c e  i s  g a i n e d ,  as hand- 
book p r o c e d u r e s  are  upda ted  and r e v i s e d  and as n e t -  
work p e r s o n n e l  become more fami l ia r  w i t h  s y s t e m  and 
m i s s i o n  c o n s t r a i n t s  i t  i s  e x p e c t e d  t h a t  t h e  command 
sys tem per formance  w i l l  improve.  

primarily i n v n l v i ~ g  MSFN equ ip -  

A s  

The d e t a i l e d  command sys tem problems t h a t  arcse on 
these  Apol lo  m i s s i o n s ,  on e x a m i n a t i o n ,  are  n e i t h e r  
s u r p r i s i n g  n o r  d i s c o u r a g i n g .  They are  t y p i c a l  o f  
t h o s e  t o  be  e x p e c t e d  when e x e r c i s i n g  new m i s s i o n s ,  
new s y s t e m s ,  new s o f t w a r e ,  new p e r s o n n e l  a l o n g  w i t h  
r e v i s e d  p r o c e d u r e s  and s l i g h t l y  d i f f e r e n t  communi- 
c a t i o n s .  An o r d e r  of magni tude  improvement i n  
command s y s t e m  r e l i a b i l i t y  i n  s u b s e a u e n t  mj s s i o n s  
i s ,  t o  t h e  w r i t e r ,  a r e a s o n a b l e  e x p e c t a t i o n ,  t a k i n g  
i n t o  account  t h e  d i m i n i s h i n g  e f f e c t  w i t h  t i m e  o f  
t h e  f a c t o r s  c i t e d  above. 

V I .  Data 

I n  Appendices A ,  B and C , r e s p e c t i v e l y ,  each  of  t h e  
m i s s i o n s  i s  d i s c u s s e d  i n  more d e t a i l .  Each o f  t hese  Appendices  
i s  o r g a n i z e d  as f o l l o w s :  A s h o r t  d e s c r i p t i o n  o f  t h e  m i s s i o n  
i s  g i v e n  i n  p a r t  1 . 0 ,  f o l l o w e d  by an  e x p l a n a t i o n  of  t h e  command 
sys t em c o n f i g u r a t i o n  f o r  t h e ' m i s s i o n  i n  p a r t  2 . 0 .  A summary 
o f  t h e  command s y s t e m ( s )  per formance  i s  t h e n  p r e s e n t e d  i n  
s e c t i o n  3 .0  i n c l u d i n g  t a b u l a t i o n s  o f  command word a t t e m p t s  
and r e j e c t s .  P a r t  4 . 0  enumera tes  t h e  de ta i led  problems o f  
s i g n i f i c a n c e  a s s o c i a t e d  w i t h  t h e  command s y s t e m  d u r i n g  t h e  
m i s s i o n  and par t  5 . 0  p r o v i d e s  a summary f o r  that m i s s i o n .  
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The i n f o r m a t i o n  p r o v i d e d  i n  t h i s  memorandum i s  
g a r n e r e d  p r i m a r i l y  from t h e  r e v i e w  o f  p o s t - m i s s i o n  r e p o r t s  
as a v a i l a b l e  from MSC, GSFC and MSFC. These a re  l i s t e d  i n  
t h e  t a b l e  o f  r e f e r e n c e s .  

A b b r e v i a t i o n s  and acronyms u s e d  i n  t h i s  memorandum 
are  g i v e n  i n  a g l o s s a r y .  

-3 J .  12:r&-)-t4:'c, 
I .  I. Rosenblum 

Attachment  s 
Appendices A ,  B ,  & C 
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GLOSSARY 

AGC 

AOS 

APS 

AS 

BDA 

BSE 

CAM 

CCATS 

ccs 
CIM 

CLT 

CP 

CM 

CRO 

CSQ 

DCS 

DPS 

DSC-1 

EECOM 

EMU 

ET 

FITH 

Automatic Gain Control 

Acquisition of Signal 

Ascent Propulsion System 

Apollo - Saturn 
Bermuda 

Booster System Engineer 

Computer Address Matrix 

Communications, Command and Telemetry 
System 

Command and Communication System (in IU) 

Computer Input Multiplexer 

Communications Line Terminal 

Communications Processor 

Command Module 

Carnarvon 

Coastal Sentry Quebec (Ship) 

Digital Command System 

Descent Propulsion System 

Dynamic Standby Computer #1 

Electrical, Environmental Communications 
System Engineer (Flight Control At MCC) 

Erasable Memory Unit; also External 
Memory Unit 

English Translation 

Fire in the Hole 
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G C C  

HSD 

ISA 

I U  

LGC 

K K K  
LM 

LMP 

LOS 

M & O  

MAP 

MCC 

MED 

MFED 

M I L  

MOC-1 

PBT 

PGNCS 

PRA 

PSK 

RCS 

RS 

RT 

RTC 

RTCC 

s/c 

Ground Communications C o o r d i n a t o r  

High Speed Data 

Inpu t  - Output  

I n p u t  System Adapter  

I n s t r u m e n t  Un i t  

LM Guidance Computer 

Message Complement Check i n  CM 

Lunar Module 

LM Programmer 

Loss o f  S i g n a l  

Maintenance & O p e r a t i o n s  

Message Acceptance P u l s e  (Or P a t t e r n )  

Miss ion  C o n t r o l  C e n t e r  (Hous ton )  

Manual E n t r y  Device 

Nanned F l i g h t  E n g i n e e r i n g  D i v .  (GSFC) 

Merrit t I s l a n d  

Miss ion  O p e r a t i o n s  Computer #1 

Polynomia l  B u f f e r  Te rmina l  

Pr imary  Guidance Navig.  and C o n t r o l  
System 

Program Reader  A s s e m b l y  

Phase S h i f t  Keying 

R e a c t i o n  C o n t r o l  System 

Remote S i t e  

Real T i m e  

Real T i m e  Command (or C o n t r o l l e r )  

Real T i m e  Computer Complex 

S p a c e c r a f t  
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S C M  

sco 
SDU 

SPS 

SM 

T 

T I C  

TLM 

TTS 

VAL 

VHF 

UHF 

- 3 -  

S t a t i o n  C o n f i g u r a t i o n  Message 

S u b c a r r i e r  O s c i l l a t o r  

Spectrum D i s p l a y  Un i t  

S e r v i c e  P r o p u l s i o n  System 

S e r v i c e  Module 

Time 

TLM & I n s t r u m e n t a t i o n  Console  
( o r  C o n t r o l l e r )  

T e l e m e t r y  

T r a i n i n g  & Test  S a t e l l i t e  

Val i d  a t  i o n  

V e r y  High Frequency  

Ultra High Frequency 
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APPENDIX A 

AS-202 COMMAND H I S T O R Y  

1 . 0  AS-202 Miss ion  D e s c r i p t i o n  

The Apo l lo  AS-202 m i s s i o n  on August 25,  1966 was 
a l a u n c h  which was fo l lowed  by a b a l l i s t i c  t r a j e c t o r y .  The 
C o a s t a l  S e n t r y  Quebec s h i p  ( C S Q )  and t h r e e  MSFN s t a t i o n s  
were i n v o l v e d  a c t i v e l y  i n  t h e  m i s s i o n .  The MSFN s i t e s  were 
the  Merrit t  I s l a n d  Launch f a c i l i t y  a t  Cape Kennedy ( M I L ) ;  
Bermuda t r a c k i n g  s t a t i o n  ( B D A ) ;  and t h e  Carnarvon,  A u s t r a l i a ,  
s t a t i o n  (C;io). ?VMXDY arid m n - 7 1  a t  K S C ,  sild Ascens ion  I s l a n d  
( A C N )  were a l s o  p a s s i v e l y  t r a c k i n g  t h e  AS-202 s p a c e  v e h i c l e .  
Each o f  t h e  s t a t i o n s  had one v iew p e r i o d .  

The AS-202 m i s s i o n  p r o v i d e d  t h e  f i r s t  o p p o r t u n i t y  
f o r  MIL, BDA, and CRO t o  p a r t i c i p a t e  i n  a c o h e r e n t  or two-way 
USB t r a c k i n g  mode, a l t h o u g h  p r e v i o u s  m i s s i o n s  such  as Lunar  
O r b i t e r  and Surveyor  had p r o v i d e d  a l i m i t e d  amount o f  one-way 
p a s s i v e  t r a c k i n g  e x p e r i e n c e .  This  was t h e  f i r s t  o p p o r t u n i t y  
to e v a l u a t e  t h e  USB equipment i n  b o t h  t h e  ground and s p a c e c r a f t  
d u r i n g  an  a c t u a l  f l i g h t .  

The MIL s t a t i o n ,  i n  a d d i t i o n  t o  t r a c k i n g  d u r i n g  t h e  
l a u n c h  p h a s e ,  p r o v i d e d  p r e l a u n c h  and countdown checkou t  f o r  
t h e  USB t r a n s p o n d e r  on t h e  pad 

The l a u n c h  az imuth  for t h e  r e m a i n d e r  of t h e  E a r t h  o r b i t a l  
Apo l lo  f l i g h t s  i s  e x p e c t e d  t o  be  72 degrees .  The 105=degree  
l a u n c h  az imuth  p r o v i d e d  one o f  t h e  more d i f f i c u l t  t r a c k s  for 
t h e  Bermuda s t a t i o n ,  s i n c e  t h e  e l e v a t i o n  a n g l e  n e v e r  exceeded  
8.6 d e g r e e s ;  and ,  c o n s e q u e n t l y ,  t h e  s p a c e c r a f t  passed t h r o u g h  
t h e  a n t e n n a  keyho le .  
c e r t a i n  t r a c k i n g  o p e r a t i o n s  n o t  no rma l ly  e n c o u n t e r e d  d u r i n g  
t h e  l a u n c h  and i n s e r t i o n  phase  t r a c k i n g .  

The l aunch  a z i m u t h  f o r  t h i s  mission was 105 degrees. 

T h i s  n e c e s s i t a t e d  t h e  p e r f o r m i n g  of  

C e r t a i n  o D e r a t i o n a 1  a s p e c t s  o f  t h e  USB s y s t e m  were 
e x e r c i s e d  d u r i n g  t h i s  m i s s i o n .  These were: 

1. Two-way a c q u i s i t i o n  ( u p - l i n k  and down-link 
f r equency  l o c k )  

2 .  One-way a c q u i s i t i o n  (down-l ink f r e q u e n c y  l o c k )  

3. Handover ( t r a n s f e r  of  a c t i v e  t r a c k  f r o m  one 
s t a t i o n  t o  a n o t h e r )  
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2 . 0  Command System C o n f i g u r a t i o n  

AS-202 f l i g h t  t e s t e d  b o t h  USB and UHF f l i g h t  
hardware ;  however,  on ly  t h e  UHF on-board equipment  was 
f u n c t i o n a l l y  u t i l i z e d  f o r  command p u r p o s e s ,  and t h a t  u s e  was 
v e r y  l i m i t e d .  The command s i t e s  o f  t h e  MSFN t h a t  were up f o r  
t h i s  m i s s i o n  were: 

UHF 
MIL 

BDA 

CRO CRO 

CSQ 

- USB 

USB command sys tem e x e r c i s e  was c o n f i n e d  to t h e  t r a n s m i s s i o n  
o f  t h e  unmodulated command s u b c a r r i e r  (70 kHz). 

3 .0  AS-202 Command Summary 

Command sys tem usage on the  AS-202 m i s s i o n  was meager ,  
c o n s i s t i n g  o f  t h e  a t t empted  t r a n s m i s s i o n  a t  UHF o f  t h e  f o l l o w i n g  
commands : 

From MIL: - 1 RTC* (Antenna S w i t c h o v e r )  @T+2O7 seconds  

From CSQ: - 4 RTC's (CM/SM S e p a r a t i o n )  @ T + 4 3 0 2  

From CSQ: - 4 RTC's !CM/SM S e p a r a t j n n )  @T+4316 

( S u c c e s s f u l  ) 

( Unsuc ce ss f u l  ) 

( U n s c u c e s s f u l )  

4 . 0  AS-202 Command System Problems 

The notewo.rthy m i s s i o n  d i f f i c L - l t i e s  d i r e c t l y  o r  
i n d i r e c t l y  r e f l e c t i n g  on command sys t em per formance  c a p a b i l -  
i t y  were : 

4 . 1  UHF 

a )  The CSQ s h i p  used  i n c o r r e c t  f r e q u e n c i e s  f o r  PSK 
sync  and d a t a  s i g n a l s  r e s u l t i n g  i n  r e j e c t e d  UHF 
commands f o r  CM/SM s e p a r a t i o n .  A l so ,  t h e  CSQ 
d i g i t a l  command sys tem was p o s s i b l y  o p e r a t i n g  
i n  t h e  t e s t  mode. 

4.2 USB - 
a )  I n a b i l i t y  of o p e r a t o r  t o  r e c o g n i z e  two-way 

l o c k  a t  CRO. 

* 
See G l o s s a r y  f o r  Acronyms 



Appendix A -3- 

b )  F a i l u r e  of AGC meter ( d r i v e n  b y  VHF t e l e m e t r y )  
t o  r e a d  t r a n s p o n d e r  AGC v o l t a g e  c o n t r i b u t e d  
t o  i n a b i l i t y  t o  o b t a i n  two-way l o c k  a t  CRO.  
P o s t - m i s s i o n  t e s t s  conf i rmed p r o p e r  meter 
c i r c u i t  o p e r a t i o n .  Cause i s  unknown. 

c )  S h o r t e d  c a b l e  s h i e l d  i n  t h e  a c q u i s i t i o n  sweep 
c i r c u i t r y  caused  loss of  t r a n s p o n d e r  l o c k  
s e v e r a l  times d u r i n g  t h e  CRO a c q u i s i t i o n  
a t t e m p t s .  

d )  A " l o s s  o f  command c a p a b i l i t y "  o c c u r r e d  
d u r i n g  the  z e r o  bea t  handover  from 
BDA due to a combina t ion  o f  f a c t o r s  i n c l u d i n g  
( a )  weak s p a c e c r a f t  s i g n a l s ,  ( b )  a n t e n n a  s ide-  
l o b e  t r a c k i n g ,  and  ( c )  keyho le  t r a c k i n g  
d i f f i c u l t i e s .  

e )  A t  CRO,  p r i o r  t o  a c h i e v i n g  u p - l i n k  l o c k ,  modu- 
l a t i o n  was a p p l i e d  t o  t h e  u p - l i n k  s i g n a l  c a u s i n g  
d e g r a d a t i o n  on b o t h  up and down l i n k s .  

f) Evidence of f lame a t t e n u a t i o n  a t  abou t  Tt100 
t o  T+120 seconds  i n d i c a t e d  t h a t  l o s s  o f  command 
c a p a b i l i t y  cou ld  o c c u r  on f u t u r e  f l i g h t s  ( w i t h  
l a r g e r  b o o s t e r s  or less  f a v o r a b l e  a n t e n n a  p a t -  
t e r n s )  a l t h o u g h  such  l o s s  d i d  n o t  o c c u r  on 
AS-202. 

5 .0  SUMMARY 

The command sys tem d i f f i c u l t i e s  a p p e a r  to be d i s t r i -  
b u t e d  among o p e r a t o r  e r r o r s ,  hardware problems and  d e f i c i e n t  
p r o c e d u r e s .  P o s t - f l i g h t  r e p o r t i n g  ( r e f e r e n c e  1) i n d i c a t e d  a n  
awareness  o f  these problems and recommended t h e  i n s t i t u t i o n  of  
a p p r o p r i a t e  changes i n  d e s i g n ,  o p e r a t i o n a l  t e c h n i q u e s ,  t e s t  
p r o c e d u r e  and t r a i n i n g .  
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AS-501 (Apo l lo  4 )  COMMAND HISTORY 

1 . 0  AS-501 M i s s i o n  D e s c r i p t i o n  

The AS-501 m i s s i o n ,  on November 9 ,  1 9 6 7 ,  t h e  f i r s t  o f  
t h e  AS-500 s e r i e s ,  was a n  unmanned m i s s i o n .  The v e h i c l e  f o r  t h e  
AS-501 m i s s i o n  l aunched  from complex 39 of  t h e  E a s t e r n  T e s t  Range 
(ETR) ,  Cape Kennedy, F l o r i d a ,  a t  a l a u n c h  az imuth  o f  90  d e g r e e s  
from Nor th .  Main m i s s i o n  f e a t u r e s  a re  i l l u s t r a t e d  i n  F i g u r e  1. 
After an 11-second v e r t i c a l  r i s e ,  t h e  v e h i c l e  per formed a roll 
maneuver t o  a c h i e v e  t h e  programmed f l i g h t  az imuth  o f  7 2  d e g r e e s  
f rom T r u e  Nor th .  A t  an approx ima te  a l t i t u d e  o f  200,000 f e e t ,  t h e  
S-IC s t a g e  s e p a r a t e d  from t h e  S - I1  b o o s t e r  f o l l o w i n g  t h e  S - I1  
e n g i n e  i g n i t i o n  a t  2 minu tes  and  36 seconds  a f t e r  l i f t o f f .  A t  
a p p r o x i m a t e l y  300,000 f e e t ,  t h e  Launch Escape System (LES) 
j e t t i s o n e d  from t h e  b o o s t e r .  The S- I1  s t a g e  s e p a r a t e d  a f t e r  t h e  
S-IVB b u r n  p r o v i d e d  t h e  t h r u s t  t o  p l a c e  t h e  s p a c e c r a f t  i n t o  a 
n e a r - c i r c u l a r  p a r k i n g  o r b i t  a t  a n  approx ima te  a l t i t u d e  o f  
1 0 0  n a u t i c a l  milea.  After two o r b i t s  and w h i l e  t h e  v e h i c l e  
was o v e r  t h e  E a s t e r n  T e s t  Range, a second S-IVB burn  o f  5- 
minu te  d u r a t i o n  i n j e c t e d  t h e  s p a c e c r a f t  i n t o  a n  e a r t h - i n t e r -  
s e c t i n g  c o a s t  e l l i p s e  w i t h  a 9 7 6 7 - n a u t i c a l  m i l e  apogee .  Approxi- 
m a t e l y  1 0  m i n u t e s  f o l l o w i n g  S-IVB e n g i n e  c u t o f f ,  CSM/S-IVB 
s e p a r a t i o n  o c c u r r e d ,  and t h e  S e r v i c e  P r o p u l s i o n  System (SPS) 
e n g i n e  i g n i t e d  f o r  a s h o r t - d u r a t i o n  b u r n .  On t h e  e a r t h - i n t e r -  
s e c t i o n  c o a s t  r e t u r n ,  a n  SPS e n g i n e  bu rn  a c c e l e r a t e d  t h e  space-  
c r a f t  t o  t h e  approx ima te  speed of a r e t u r n i n g  l u n a r  f l i g h t .  
Dur ing  t h e  4-minute c o a s t  p h a s e  between SPS e n g i n e  c u t o f f  and 

s e p a r a t e d  from t h e  C M .  Reent ry  o f  t h e  CM began a t  4 0 0 , 0 0 0  f e e t .  
Command Module splashdown o c c u r r e d  a t  3 0 : 0 6  degrees n o r t h  

~oxmafid Module ( CM) a t m o s p 5 e ~ i c  ; - -entry,  t h e  k.rTvrT.ze - ""  ;v;odule ( S ~ J )  

l a t i t u d e  and 1 7 2 : 3 2  d e g r e e s  west l o n g i t u d e ,  a t  
37 minu tes  a f t e r  l i f t o f f .  

MAJOR MISSION EVENTS 

Event  h r s  

L i f t o f f  1 2  

S- I1  i g n i t i o n  1 2  

J e t t i s o n  LES 1 2  

F i r s t  S-IVB i g n i t i o n  1 2  

Begin p a r k i n g  o r b i t  1 2  

S-IVB r e i g n i t i o n  15 

I n j  e c t  i o n  i n t o  t r a n s l u n a r  o r b i t  15  

CSM/S-IVB s e p a r a t i o n  1 5  

- 

8 h o u r s  

GMT 
min 

00  

0 2  

0 3  

- 

08 

11 

1 2  

1 7  

28 

and 

s e c  

0 1  

36 

11 

4 6  

- 

1 6  

27 

02 

08 
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MAJOR MISSION EVENTS (Contd)  
GMT 

Event  

F i r s t  SPS i g n i t i o n  
F i r s t  SPS shutdown 
Apogee 
Second SPS i g n i t i o n  
Second SPS shutdown 
CWSM s e p a r a t i o n  
Reent ry  
CM s p l a s h  

h r s  

15 
15 
1 7  
20 
20 
20 
20 
20 

- min s e c  - - 
28 06 
28 22 
46 48 
10 54 
15 25 
1s 01 
19 26 
37 31 

2.0 Command System C o n f i g u r a t i o n  

The  AS-501 miss ion  employed b o t h  a UHF command 
s y s t e m  an? t h e  U n i f i e d  S-Band (USB) sys t em for command func- 
t i o n s  t o  the  CSM and a USB t y p e  sys t em,  t h e  Communications and 
Command System (CCS) on t h e  S-IVB/IU. Te leme t ry  v e r i f i c a -  
t i o n  was p r o v i d e d  by  b o t h  S-Eand and VHF t e l e m e t r y .  F i g u r e  2 
shows t h e  command sys t em c o n f i g u r a t i o n  for AS-501. 

3 .0  AS-501 Command Summary 

On AS-501 a t o t a l  o f  2 4 2  commands (words )  were s e n t  
t o  t h e  CSM and a t o t a l  o f  5802 commands, i n c l u d i n g  test words, 
were s e n t  t o  t h e  S - I V B / I U .  T a b l e  I summarizes t h e  commands 
g i v e n  a t  each  command s i t e  of  t h e  network and p r o v i d e  e x p l a n a t i o n  
o f  command r e j e c t s  where a v a i l a b l e .  

I n  T a b l e  I and i n  T a b l e s  I1 and 111 which f o l l o w ,  t h e  
t o t a l  s t r u c t u r e d  words for a l l  commands a t t e m p t e d ,  i . e . ,  d i r e c t e d  
for t r a n s m i s s i o n ,  are  counted;  i n c l u d i n g  r e p e a t s ,  u n s u c c e s s f u l l y  
d i s p a t c h e d  command words ,  p r e - a m b l e ,  e n t e r ,  da ta ,  computer ,  
t i m i n g  and t e s t  words,  based  on a v a i l a b l e  i n f o r m a t i o n .  

4.0 AS-501 Command S y s t e m  Problems 

A number o f  commanding d i f f i c u l t i e s  a r o s e  d u r i n g  t h e  
AS-501 m i s s i o n .  These problems i n c l u d e d  ha rdware ,  s o f t w a r e ,  
p r o c e d u r a l  and o p e r a t o r  e r r o r  problems and i n v o l v e d  b o t h  t h e  
CSM and S-IVB/IU (CCS) command s y s t e m s .  
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The d e t a i l  problems o f  t h e  m i s s i o n ,  as r e p o r t e d  i n  
r e f e r e n c e  r e p o r t s ,  are  summarized below: 

4.1 BDA - P r e l a u n c h  - Program Loading Improper  - A t  T-2 
minu te s  t h e  program came t o  a "seven"  s t o p .  T h i s  was 
an  o p e r a t o r  e r r o r  by t h e  computer t e c h n i c i a n .  S t o p  
key s e v e n  i s  s e t  d u r i n g  t h e  b o o t s t r a p  l o a d i n g  and 
s h o u l d  be r e s e t  d u r i n g  program l o a d i n g .  
o f  t h e  key and r e s t a r t i n g  t h e  program c l e a r e d  t h e  
problem i n  a few seconds .  (Ref .  6 ,  page 53 ) .  

MIL - REV. 3 - Uplink Commands Attempted I n  I-.A Mode - 
B e f o r e  R e v o l u t i o n  3 ,  MIL  placed-  t h e  IU/CCS s u b c a r r i e r  
o s c i l l a t o r  (SCO) i n  t h e  1 - A  ( c a r r i e r  and PRN r a n g i n g  
o n l y )  p e r  t h e  SCM. Afte r  two-way l o c k  was a c h i e v e d ,  
u p l i n k  of  S-IVB " S S  command 1" was at tempted w h i l e  
s t i l l  i n  t h e  1 - A  mode. Apparen t ly  on t h e  t h i r d  
a t t e m p t ,  t h e  command was p r o c e s s e d  by t h e  70-kHz sub- 
c a r r i e r  o s c i l l a t o r  and  s u b s e q u e n t l y  v a l i d l y  r e c e i v e d  
by t h e  S-IVB. However, t h e  accompanying data  words 
were n o t  s o  p r o c e s s e d  and u p l i n k  was r e i n i t i a l i z e d  
a f t e r  comple t ion  of t h e  t h r e e  r e t r a n s m i s s i o n  a t t e m p t s .  
About t h i s  t i m e ,  t h e  MIL M&O s w i t c h e d  t h e  SCO t o  mode 
1-E and u p l i n k  was a g a i n  r e i n i t i a l i z e d .  
s i n c e  t h e  mode word had been a c c e p t e d  by t h e  space -  
c r a f t  computer and i t  was l o o k i n g  f o r  data  words,  t h e  
subsequen t  t r a n s m i s s i o n s  o f  t h e  o r i g i n a l  mode word 
were r e j e c t e d .  During t h i s  p e r i o d ,  one ground r e j e c t  

program problem. The problem o f  t h e  command processed .  
w h i l e  t h e  S C O  was i n  t h e  1 - A  mode a p p e a r s  t o  b e  an  
anomaly i n  t h e  hardware.  
t h i s  a r e a ,  and a p p r o p r i a t e  m o d i f i c a t i o n s  w i l l  b e  made. 
( R e f .  5 ,  page 7 - 1 5 ) .  

BDA - REV.3  - Uplink Commands Attempted While Locked 
On Spur  (Component o f  Range Code) - On Rev, # 3  a t  BDA,  
EECOM a t t e m p t e d  t o  u p l i n k  RTC 70 t h r e e  t imes ,  b u t  
r e c e i v e d  S/C r e j e c t s .  The S/C T e l e m e t r y  i n d i c a t e d  
i n s u f f i c i e n t  s i g n a l  s t r e n g t h  (BDA had l o s t  two-way 
l o c k ) .  
w i t h  t h e  command s u b c a r r i e r  o f f  b u t  p e r m i s s i o n  was 
d e n i e d  and a d d i t i o n a l  command was a t t e m p t e d  even  
though BDA d i d  n o t  have  v a l i d  l o c k ,  Af t e r  t h e  t h i r d  
r e j e c t ,  handover  t o  VAN was i n i t i a t e d .  
had e s t a b l i s h e d  2-way l o c k  on a component o f  t h e  
r a n g e  code .  ( R e f .  7 ,  page 3 0 ) .  

R e s e t t i n g  

4 . 2  

However, 

- - -  as ob e r -"- d , i-. U U b  , . t a i > p G a L a  .-~ *\ V~ n .-. 7, n to bi: acsoc ia t .ea  - .  \:;lth 3 

The MFED i s  i n v e s t i g a t i n g  

4 . 3  

BDA r e q u e s t e d  p e r m i s s i o n  t o  sweep t h e  e x c i t e r  

BDA a p p a r e n t l y  
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4 . 4  GDS - REV. 1 - F a i l e d  t o  Assume 2-Way Lock On IU/CCS - 
During  t h e  Rev. 1 pass  GYM was t r a c k i n g  I U  and  t h e  
command program had f a u l t e d .  The C o n t r o l l e r  ( R T C )  ad- 
v i s e d  GDS i n  real-time t o  t a k e  two-way l o c k ,  however,  
t h e  v e h i c l e  w a s  no t  i d e n t i f i e d .  GDS r e p o r t e d  two-way 
l o c k  on CSM. A t  20 seconds  b e f o r e  LOS, RTC a d v i s e d  
GDS t o  t a k e  two-way l o c k  on I U .  By t h e  t i m e  GDS r e a c t e d ,  
LOS had o c c u r r e d ,  (Ref.  6 ,  page 5 4 ) .  

GYM - REV, 1 - Command Program F a u l t e d  - 6 4 2 B  Computer 
F a i l u r e  - The command program f a u l t e d  on t h e  f i r s t  
p a s s .  P o s t p a s s  checkout  was s u c c e s s f u l l y  comple ted  
b u t  c h a s s i s  A - 1 2  and A - 1 3  of t h e  command computer  were 
r e p l a c e d .  F o s t m i s s i o n  checkout r e v e a l e d  a sense 
a m p l i f i e r  b i a s  v a r y i n g .  R e g u l a t o r  AlA1303 o f  c h a s s i s  
A - 1 3  (command 6 4 2 B )  was r e p l a c e d .  T h i s  appea red  t o  

4 .5  

c l e a r  up t h e  i n t e r m i t t e n t  memory problem.  - _  ( R e f .  5 ,  
page 7-5) .  

4 . 6  TEX - REV. 1 - Continuous Upl ink  o f  P r i o r i t y  Command 
Because of  F a i l u r e  o f  MCC-H To Clear - On Rev. #1 
t h e  B o o s t e r  System E n g i n e e r  at lVlcc -H had  e x e c u t e d  
S p e c i a l  #1 command and  d i d  n o t  e x e c u t e  t h e  p r i o r i t y  
c l e a r  b e f o r e  handover  t o  MIL f rom TEX. The M&O a t  
TEX c o u l d  no t  o b t a i n  p r i o r i t y  c l e a r  and f i n a l l y  
c l e a r e d  t h e  sys tem by s e t t i n g  s k i p  s w i t c h  #3,  which 
s i m u l a t e d  a s p a c e c r a f t  MAP. 
S p e c i a l  #1 o c c u r r e d  u n t i l  c l e a r a n c e  was accompl i shed .  
( R e f .  6 ,  page  5 ) .  

Cont inuous  u p l i n k i n g  o f  

4 .7  TEX -REV. 2 - F a i l u r e  t o  Transmi t  V a l i d  Command 
A n a l y s i s  P a t t e r n s  ( C A P ' S >  f rom TEX To iVICC-H - 
During  Kev.. 2 ,  TEX u p l i n k e d  t h i r t y - s i x  3 5 - b i t  
words t o  t h e  S-IVB w i t h  v a l i d  ground and s p a c e  
v e h i c l e  v e r i f i c a t i o n  a t  TEX b u t  l a c k  o f  s p a c e c r a f t  
v e r i f i c a t i o n  t o  MSC. T h i s  a p p e a r s  t o  be a s o f t -  
ware problem between TEX and MSC/RTCC and w i l l  
be  pu r sued  f u r t h e r .  (Ref.  5 ,  p g e  7 -16) .  

4 .8  BDA - Launch Through REV. 2 - H .  S .  P r i n t e r . B u f f e r  
I n o p e r a t i v e  - From l a u n c h  t h r o u s h  Rev. 2 ,  t h e  1222 h igh-  
speed  p r i n t e r  b u f f e r  a t  BDA was RED- "Cannot S u p p o r t " .  
T h i s  r e s u l t e d  i n  t h e  M&O b e i n g  u n a b l e  t o  v e r i f y  a 
h igh-speed  d a t a  fo rma t  change or command f u n c t i o n s  
when r e q u e s t e d  by MCC-H. The fo rma t  change c o u l d  
be  v e r i f i e d  by t h e  computer  t e c h n i c i a n  a t  t h e  1 2 3 2  
I/O c o n s o l e  and a l l  MCC-H Commanding was v e r i f i e d  by 
t h e  2 . 4  kbps high-speed t e l e m e t r y .  
connec ted  by a c a r d  change ,  p r i o r  t o  Rev. 3.  (Ref .  7 ,  
page  55)  

The problem was 
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4 . 9  CRO - REV. 2 - F a i l u r e  o f  UHF T r a n s m i t t e r  #1 - On 
Rev. 2 CRO had problems u p l i n k i n g  OnTRY t o t h e  CSM. 
T h i s  a p p e a r s  t o  have been  t h e  r e s u l t  of a m i s a l i g n e d  
UHF t r a n s m i t t e r  caused by a f a u l t y  p i e c e  o f  t e s t -  
equipment .  A s w i t c h o v e r  t o  t h e  s t a n d b y  t r a n s m i t t e r  
r e s u l t e d  i n  t h e  v a l i d  u p l i n k  o f  commands. P o s t  
m i s s i o n  e v a l u a t i o n  i n d i c a t e d  an improper  l e v e l  i n  
t h e  s i g n a l  f rom t h e  u p d a t a  b u f f e r .  (Ref .  6 ,  page  3 1 ) .  

MIL - Launch Phase - S i g n a l  Dropouts  Due to Flame 
A t t e n t i o n ,  e t c .  - Some loss i n  command c a p a b i l i t y  of  
t h e  CCS sys t em o c c u r r e d  d u r i n g  l a u n c h  d u e  t o  f l a m e  
e f f e c t s  a t  s e p a r a t i o n ,  e t c . ,  on t h e  u p l i n k  data or 
downlink TM ( v e r i f i c a t i o n )  s i g n a l s .  Upl ink  d r o p o u t s  
of t h e  70 kc s u b c a r r i e r  i n c l u d e d :  

4.10 

( a )  S-IC/S-II S e p a r a t i o n  1 . 0  s econds  

( b )  I n t e r s t a g e  J e t t i s o n  .6 seconds  

( e )  Unexplained Dropout A t  
1 8 9 . 3  seconds . 5  s econds  

Downlink d r o p o u t s  were: 

( a )  S-IC/S-II S e p a r a t i o n  1 3  seconds  

8 seconds  ( b )  I n t e r s t a g e  J e t t i s o n  

( c )  Unexplained Drop0u.t .4t 
1 8 9 . 3  seconds  1 3 . 5  seconds  

( d )  Handover t o  M I L A  3 .5  seconds  

( R e f .  8 )  

4 . 1 1  TEX - A l l  Miss ion  - Lack of P a r t  For UHF T r a n s m i t t e r  - 
TEX was RED for an RF r o t a r y  s w i t c h  (S-11)  f o r  t h e  FRW 

~ ~~~~ 

No. 2 backup t r a n s m i t t e r .  ?he p a r t  was r e c e i v e d  on 
s t a t i o n  1 0  Nov., one d a y  too l a t e .  (Ref .  7 ,  page 5 1 ) .  

H i s t o r y  - A f t e r  LOS Rev. 2 ,  a command h i s t o r y  was 
r e q u e s t e d  u s i n g  CAM 0 4 4 .  The computer i n t e r p r e t e d  
as an  8 4 4 .  Rep lac ing  c i r c u i t  c a r d s  i n  t h e  i n p u t  
sys t em a d a p t e r  ( I S A )  c l e a r e d  t h e  problem. No data  
was l o s t .  (Re f .  7 ,  page 5 6 ) .  

4 . 1 2  GYM - REV. 2 - F a u l t y  C i r c u i t  Cards  I n h i b i t e d  Command 
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4-13 S e v e r a l  S i t e s  - A l l  REV'S  - E x c e s s i v e  Phase S h i f t B e t w e e n  
2 kHz and l . k H z  t o n e s  - Phase s h i f t  o f  t h e ' 2  kHz o s c i l l a t o r  
f r e q u e n c y  w i t h  r e s p e c t  to t h e  1 kHz s i g n a l  was 
e x c c s s l v e  a t  s e v e r a l  s t a t i o n s .  F o r  comparison w i t h  
a nominal  45O phase s h i f t  l i m i t  f o r  s u c c e s s f u l  com- 
manding, t h e  v a l u e s  found from p o s t f l i g h t  e v a l u a t i o n  
of v e r i f i c a t i o n  r e c e i v e r  No. 1 command waveforms as 
r e c o r d e d  on t a p e  were: MIL 34O, CRO 41°, ACN 34'. 
(Ref .  8 ) .  

~~ ~~ 

r e j e c t e d  by t h e  S - I V B / y U  v e h i c l e  d e c o d e r  because  o f  
modu la t ion  d i s c r e p a n c i e s  such  as :  

S u b c a r r i e r  I n t e r r u p t e d  

No S u b c a r r i e r  Modula t ion  

Transmiss ion  S h o r t e n e d  

No V e h i c l e  Address  

I n c o r r e c t  Sub-Bit P a t t e r n  

Large Amplitude F l u c t u a t i o n s  ( R e f .  8 ) .  

t h e  S/C neai- apogee. 
t h e  word VERB was a c c e p t e d  by t h e  u p d a t a  r e c e i v e r /  
decode r  and t r a n s f e r r e d  t o  t h e  computer .  
word SEVEN was t r a n s m i t t e d  and a c c e p t e d  b y  t h e  
u p d a t a  r e c e i v e r / d e c o d e r ;  however,  t h e  KEK check , a 
redundancy check o f  t h e  t r a n s m i t t e d  keycode c h a r a c t e r s  
by t h e  computer f a i l e d  and t h e  d a t a  was r e j e c t e d  by  
t h e  computer ,  r e s u l t i n g  i n  an u p l i n k  b l o c k  c o n d i t i o n .  
T h i s  was c l e a r e d  by t h e  t r a n s m i s s i o n  o f  a c l e a r i n g  
sequence  a f t e r  which t h e  n a v i g a t i o n  u p d a t e  was t r a n s -  
m i t t e d .  
t h e  computer  w i thou t  r e o c c u r r e n c e  o f  t h e  KT(K check  
f a i l u r e .  Because t h e  S/C w a s  a t  maximum s l a n t  r a n g e  
w i t h  t h e  h i g h e s t  p r o b a b i l i t y  o f  e r r o r s ,  t h i s  l o a d  
was t r a n s m i t t e d  w i t h  A G C  OVERRIDE OFF. E v a l u a t i o n  
a f t e r  t h e  m i s s i o n  showed t h a t  t h e  SEVEN word had 
been t r a n s m i t t e d  wi th  t h e  c o r r e c t  b i t  s t r u c t u r e ,  and 
was a c c e p t e d  by  t h e  u p d a t a  r e c e i v e r / d e c o d e r .  The KKK 
f a i l u r e  a p p a r e n t l y  o c c u r r e d  a t  t h e  i n t e r f a c e  between 
t h e  r e c e i v e r / d e c o d e r  and  t h e  gu idance  computer 15 
b i t  r e g i s t e r .  (Ref .  9 ) .  

The f i r s t  t r a n s m i t t e d -  sequence ,  

The  f o l l o w i n g  

A l l  computer u p d a t e  words were a c c e p t e d  b y  
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4.16 GWM - REV. 3 - Time Delay Problem - An a p p a r e n t  
problem deve loped  i n  t r a n s m i t t i n g  a n  SPS e n g i n e  
shutdown command from GUAM on REV. 3 .  S i n c e  a 
message a c c e p t a n c e  s i g n a l  was n o t  immedia t e ly  
r e c e i v e d  a t  MCC-H, t h r e e  a u t o m a t i c  r e t r a n s m i s s i o n s  
o f  t h e  message took  p l a c e .  However, t h e  t i m e  
d e l a y s  i n  t he  command v a l i d a t i o n  l o o p  ( a b o u t  
1 s e c o n d )  a r e  enough t o  a c c o u n t  f o r  t h e  t h r e e  
a u t o m a t i c  r e t r a n s m i s s i o n s ,  and t e l e m e t r y  
data conf i rmed u p d a t a  r e c e i v e r / d e c o d e r  a c c z p t a n c e  
of  a l l  f o u r  commands. 

A s imilar  problem was e x p e r i e n c e d  a t  GUAM on t h e  
same p a s s  w i t h  t h e  SPS ON/OFF rese t  command. I n  
t h i s  c a s e  a second command was s e n t  abou t  8 seconds  
a f t e r  t h e  i n i t i a l  command because  of  a d e l a y  a t  
MCC-H i n  r e c e i v i n g  message a c c e p t a n c e .  Te leme t ry  
conf i rmed r e c e i v e r / d e c o d e r  a c c e p t a n c e  o f  b o t h  
s i g n a l s .  ( R e f .  9). 

4.17 TEX, MIL, BDA, VAN - REV. 2 - Extended  I n t e r r u p t i o n  
I n  Command Coverage - A q u e s t i o n  as t o  t h e  adequacy 
o f  t h e  USB command sys t em a r o s e  as a consequence 
of  a s e r i e s  of  d i f f i c u l t i e s  t h a t  o c c u r r e d  a f t e r  
G D S  handover  t o  TEX on REV. 2 a t  T + 3:06:31. Four  
statlons 1:: a mx experienced difficulty of one k i n d  
or a n o t h e r .  TEX was s i d e l o b e  t r a c k i n g  from a c q u i s i -  

n o t e d  on commands s e n t  t o  C C S .  
t i o n  to handover  to MIL at 3 : 0 9 : 0 1  and  r e j e c t s  were 

Befo re  t h e  v e h i c l e  p a s s ,  MIL p l a c e d  t h e  IU/CCS 
s u b c a r r i e r  o s c i l l a t o r  (SCO) i n  t h e  1 - A  mode 
( c a r r i e r  and PRN r a n g i n g  o n l y )  p e r t h e  t e l e t y p e d  s t a t i o n  
c o n f i g u r a t i o n  message (SCM). I n  t h e  middle  of  
t he  p a s s ,  t h e  M I L  M&O s w i t c h e d  t h e  SCO t o  mode 1-E 
( c a r r i e r ,  PRN and command). 

MIL a t t e m p t e d  command o p e r a t i o n s  t o  CCS w h i l e  s t i l l  
i n  t he  1-A mode, w i t h  r e j e c t s ,  and a f t e r  mode s w i t c h  
a p p a r e n t l y  e x p e r i e n c e d  ground r e j e c t s  a s s o c i a t e d  w i t h  
a program problem p r i o r  t o  handover  t o  Bl?A a t  3:14:01. 
BDA had lock-on  and t r a c k i n g  d i f f i c u l t i e s  and e v e n t u a l l y  
l o c k e d  o n t o  a s ideband  ( r a n g e  code component) s i g n a l  
a t  3 :21:01  g i v i n g  r i s e  t o  S/C r e j e c t s  on 3 commands 
t o  t h e  CSM. VAN, i n  con t ingency  command s t a t u s ,  a l s o  
e x p e r i e n c e d  3 command r e j e c t s  o f  commands t o  t h e  CSM as 
a r e s u l t  o f  f a i l u r e  t o  t u r n  u p l i n k  modu la t ion  
on p r i o r  t o  3 :23:27  a f t e r  handover  i n i t i a t i o n  from 
BDA a t  3 :22:55  and comple t ion  a t  3:23 :11. ( R e f .  
5 and 9 ) .  
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4.18 

4.19 

5 . 0  

CCATS C P - A 1 1  REVS - V a r i o u s  Data Communication 
Problems - During t h e  c o u r s e  o f  t h e  AS-501 m i s s i o n ,  
t h e  f o l l o w i n g  d i f f i c u l t i e s  were e x p e r i e n c e d  a t  
CCATS/CP : 

The Polynomial  B u f f e r  Te rmina l  (PBT) o u t p u t  
hung up on t h e  s t a n d b y  Communications P r o -  
c e s s o r  ( C P ) .  

The PBT i n p u t  hung up on t h e  s t a n d b y  CP. 

The on - l ine  CP t imed  o u t  to t h e  Miss ion  
O p e r a t i o n s  Computer #1 ( M O C - 1 )  and t h e  
Dynamic Standby Computer #1 (DSC-1) many 
t imes.  

RTC and GCC d i d  not r e c e i v e  low speed  ET'S on 
l o a d s  4713, 4901 and 4 9 0 2  to ACN and C Y I .  

T I C  r e p o r t e d  CSM d a t a  d r o p o u t s  to R T C C .  

CP to DSC 1 c h a n n e l  t imed  o u t  3 t imes .  

CP to MOC 1 c h a n n e l  t imed  o u t  3 t imes .  

Standby CP had  to be  r e c y c l e d  because  t h e  
CP i n p u t  PBT b u f f e r  coun t  was a t  a d a n g e r o u s l y  
low l e v e l .  ( R e f .  6 ,  page 2 0 ) .  

p l a g u e d  w i t h  handover  e r r o r s ,  f a i s e  l o c k s  and d e l a y e d  
a c q u i s i t i o n s .  Improved p r o c e d u r e s  and a d d i t i o n a l  
o p e r a t o r  t r a i n i n g ,  i n c l u d i n g  a c q u i s i t i o n  p r a c t i c e  
w i t h  t h e  T r a i n i n g  and  T e s t  S a t e l l i t e  (TTS) and 
f u l l e r  u s e  of t h e  Spec t rum D i s p l a y  Uni t  (SDU), as 
now p l a n n e d ,  should  improve pe r fo rmance  on f u t u r e  
m i s s i o n s .  

AS-501 Summary 

The AS-501 command s y s t e m  e x p e r i e n c e  may be 
summarized i n  terms o f  which problem areas r e q u i r e  f u r t h e r  
i n v e s t i g a t i o n  and e f f o r t  and which are  s u b s t a n t i a l l y  r e s o l v e d  
as f o l l o w s :  

5 . 1  Closed Areas 

a )  Flame E f f e c t s  Dur ing  Launch 

b )  Hardware F a i l u r e  - Computer 6 4 2 B  R e g u l a t o r  

c )  Hardware F a i l u r e  - H .  S .  P r i n t e r  
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d )  O p e r a t o r  T r a i n i n g  - Key S e t t i n g  F o r  Program 
Loading 

e )  O p e r a t o r  T r a i n i n g  - F a i l u r e  t o  Turn  Modula t ion  On. 

5 .2  Open Areas 

a )  O p e r a t o r  T r a i n i n g :  Improper  USB Lock-Up 

b )  Improper  S t a t i o n  I n s t r u c t i o n s :  

Which V e h i c l e  t o  Track  
F a i l u r e  t o  I s s u e  P r i o r i t y  Clear 
Which Mode t o  C o n f i g u r e  F o r  Next Pass 

C )  S o f t w a r e :  

Lack o f  S/C Command V e r i f i c a t i o n  To MCC-H (TEX) 
E i g h t  I n s t a n c e s  o f  Modula t ion  Di sc repancy  

d )  Hardware Problems:  

UHF Transmi t te r  #l/Up-Data Buffer  
Phase S h i f t  1 kHz + 2 kEz Tcnes 
F a u l t y  C i r c u i t  Cards i n  I n p u t  System 

Adapter  ( ISA) 

e )  Spacecraf t /LV Equipment : 

KZK F a i l u r e  i n  CSM ( A C N )  
Missed SIV-B Command (SEN) 

f )  T i m e  Delay:  

T i m e  Delays i n  Command V a l i d a t i o n  Loop 
Cause Unnecessary Repea t s  



c 
0 

a 
k 

.d 
c, 

.d 

N 

a 

a 
x 
H 



, 

I 
I 
I 

-N I 
“ 0  - - I  

A m 
x 

w 
P-l 
P-l 
4 
U 



5 
V 

0 
I- 

d 
0 
L n  

I 
v, a 

(u 
d 

In cv 



> 

0 
I- 

m 

I - v  

- 
Y z 
J 
Q 
3 

U 

n 

aI- 
U 

A v )  

> z  
I W  

Z T  
O X  z o  

V 
n 
z n  a z  a z 
0 
ln 

a! 
5 

v) 
nI- 
Z V  
3 W  
0’5, 
a ! W  
o e  

v) 
I- 

U V  
\ W  
w’5, 

W 
a! 

-11-1 

v) 
Y I -  
Z Q  

J W  
Ql- 
3t- a 

> 
W 
a! 

W 
I- 

v) 
C-( 

Ln l-i 

o c u o o c u o  0 0 a- 

0 0 0 0 0 0  0 rl 0 

w ln o\ M 
0 M rl r i  

rl cu 

c u w o b p c  cu ln 
p c r l  b M  In pc 
r l w  r l r l  M m 

cu rl 

Ln- 
m l -  

v) 
W 
l- 

r l r l r l c u c u c u  M M M 
\ \ 
rl cu 

r l r l r l c u c u c u  M M M 
\ \ 
rl cu 

I 

I 

n 
2 3  

m a  c-( 

3 r t -m 
in IT o\ 

o >  

n 

a 

n 
x 
H 

a w 
& 
PI 
4 
W 

I 



APPENDIX C 

AS-204/LM-1 (Apol lo  5 )  Command H i s t o r y  

1.0 AS-2 0 4 /LM-1. Psis s i  on Des c r i p t  i o n  

The AS-204/LM-l m i s s i o n  was conduc ted  on J a n u a r y  2 2 ,  
1968.  L i f t - o f f  was a t  22/2248:092. T h i s  m i s s i o n  was t h e  
f i r s t  f l i g h t  t e s t  <if a f u l l y  c o n f i g u r e d  Lunar  Module (LM).  
The mai.n m i s s i o n  f e a t u r e s  a r e  shown i n  F i g u r e  3. Th i s  
m i s s i o n  p r o v i d e d  the  f i r s t  o p p o r t u n i t y  to e v a l u a t e  t h e  LM 
per formance  i n  a s p a c e  environment  u n d e r  o p e r a t i o n a l  c o n d i t i o n s .  

The v e h i c l e  was l aunched  from ETR l a u n c h  complex 37B 
a t  a l aunch  az imuth  of 90 d e g r e e s  from t r u e  n o r t h .  After a 
10-second v e r t i c a l  r i s e ,  the  v e h i c l e  r o l l e d  t o  a g r a v i t y - t u r n  
t r a j e c t o r y  w i t h  a 72-degree az imuth  h e a d i n g .  Fo l lowing  a c o a s t  
phase  a f t e r  c u t o f f ,  t h e  s p e n t  S-IB was j e t t i s o n e d  and t h e  S-IVB 
i g n i t e d  and bu rned  u n t i l  o r b i t a l  i n s e r t i o n  was a c h i e v e d .  Dur- 
i n g  o r b i t a l  c o a s t ,  t h e  S-IVB/SLA/LM was maneuvered to enhance  
LM/MSFN communicat ions.  S p a c e c r a f t  LM Adap te r  (SLA) p a n e l  
deployment o c c u r r e d  d u r i n g  t h e  f i r s t  r e v o l u t i o n .  After  R e a c t i o n  
C o n t r o l  System (RCS) i g n i t i o n ,  t h e  SLA,/LM r e s t r a i n i n g  s t r a p s  
were s e v e r e d  and t h e  LM withdrawn from the  SLA. A t  t h e  beginn-  
i n g  o f  t h e  o r b i t a l  c o a s t ,  t h e  LM w a s  mmeuvered  t o  a s p e c i f i e d  
i n e r t i a l  a t t i t u d e  f o r  t h e  f i r s t  Descent, P r o p u l s i o n  System (DPS) 
bu rn .  After  t h i s  bu rn  sequence ,  t h e  Lf-'I was i n s e r t e d  i n  an  
n r b i t  d e f i n e d  b y  .in apozee  of a ~ ~ r = x i m ~ ? t e l y  180 n.3. and 5 
p e r i g e e  of a p p r o x i m a t e l y  119 n.m.,  w i t h  an o r b i t a l  p e r i o d  o f  
a p p r o x i m a t e l y  9 0  minu tes .  Up t o  t h i s  p o i n t  t h e  m i s s i o n  went 
a c c o r d i n g  to p l a n .  However, when t h e  f i r s t  DPS burn  was i n i t i -  
a ted ,  chamber p r e s s u r e  data showed t h a t  t h r u s t  b u i l t  up to 9 . 5  
p e r  c e n t  i n  abou t  4 seconds .  An e n g i n e - o f f  s i g n a l  was r e c e i v e d  
from t h e  LM g u i d a n c e  system b e c a u s e  v e l o c i t y  d i d  n o t  b u i l d  up 
as p r e d i c t e d .  The r e s u l t i n g  apogee  and p e r i g e e  a l t i t u d e s  were 
1 1 9 . 1  n.m. and 9 1 . 6  n.m., r e s p e c t i v e l y .  T h i s  e a r l y  c u t o f f  
caused  t h e  f l i g h t  p l a n  t o  be s h i f t e d  to a l t e r n a t e  m i s s i o n  C 
which was t h e  minimum r e q u i r e m e n t s  s equence  w i t h  no  s c h e d u l e  
f o r  a l o n g  DPS burn .  

Second DPS b u r n  was i n i t i a t e d  a t  06:10:00 (GET) and 
l a s t ed  33 s e c o n d s ,  fo l lowed by a 32-second c o a s t  and a n o t h e r  
b u r n  p e r i o d  of  28  seconds .  Immedia te ly  t h e r e a f t e r ,  t h e  f i r s t  
APS i g n i t i o n  was i n i t i a t e d  (06:11:33), and t h e  FITH a b o r t  s t a g i n g  
was accompl i shed .  The f i r s t  APS b u r n  d u r a t i o n  was 60 seconds  
as p lanned  i n  a l t e r n a t e  mis s ion  C ,  and t h e  r e s u l t i n g  apogee  and 
p e r i g e e  were 520 n.m. and 9 4  n.m.,  r e s p e c t i v e l y .  The new 
t r a j e c t o r y  r e s u l t i n g  from t h e  a l t e r n a t e  p l a n  f i r i n g s  c o n s i d e r a b l y  
r e d u c e d  t h e  MSFN cove rage .  The r e s u l t i n g  r e d u c t i o n  i n  a v a i l a b l e  
ground command t i m e  l e d  t o  t h e  d e c i s i o n  t o  command t h e  second 
APS f i r i n g  as soon as p r a c t i c a l .  
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Near t h e  end o f  r e v .  5 ,  t h e  second  APS b u r n  ( l o n g  
d u r a t i o n )  was i n i t i a t e d  (07:44:19) and c o n t i n u e d  t o  p r o p e l l a n t  
d e p l e t i o n  a t  07:50:30 under  PRA c o n t r o l .  T h i s  burr-  i n c l u d e d  
a n  APS/RCS p r o p e l l a n t  i n t e r c o n n e c t  t e s t .  RCS p r o p e l l a n t s  were 
d e p l e t e d  d u r i n g  t h i s  b u r n ,  comple t ing  t h e  p r imary  m i s s i o n .  

MSFN t r a c k e d  t h e  LM u n t i l  it r e e n t e r e d  t h e  a tmosphere  on Februa ry  
1 2 ,  a t  a p p r o x i m a t e l y  17 :35  GMT. 

The l a s t  c o n t a c t  w i t h  t h e  LM was a t  GYM d u r i n g  r e v .  5 .  

2 . 0  Command System C o n f i g u r a t i o n  

Both t h e  l aunch  v e h i c l e  and t h e  p a y l o a d  Lunar  Module 
were c o n f i g u r e d  on t h i s  m i s s i o n  t o  r e c e i v e  commands v i a  on ly  
t h e  UHF command sys t em.  

F i g u r e  4 shows the  LM t e l ecommunica t ions  c o n f i g u r a t i o n .  
A s  shown, command c a p a b i l i t y  was p r o v i d e d  o n l y  t h r o u g h  UHF. 
Telemet ry  command v e r i f i c a t i o n , ,  however,  was p r o v i d e d  by b o t h  
USB and VHF. 

3 .0  AS-204/LM-l Command Summary 

T a b l e  I11 t a b u l a t e s  LM and S-IVB commands a t t e m p t e d  from 
each command s i t e  d u r i n g  t h e  AS-204 LM-1 m i s s i o n .  
e x p l a n a t i o n s  are g i v e n  where a v a i l a b l e .  

R e j e c t s  and 

Tab le  I V  d e t a i l s  t h e  UHF s i g n a l  s t r e n g t h  and o t h e r  
l i n k  c o n d i t i o n s  a t  t h e  t ime 2 0  o f  t h e  command r e j e c t s  were 
n o t e d  a t  t h e  MILA, H A W A I I  and CARNARVON s i t e s .  

4.0 AS -204 LM--1 Command Problems 

Var ious  d i f f i c u l t i e s  a r o s e  w i t h  the  command sys t em 
i n  t h e  c o u r s e  of  t h e  AS-204 LM-1 m i s s i o n .  
u n r e l i a b l e  or i n a d e q u a t e  command sys t em per formance  impac ted  
a d v e r s e l y  on r e a l  time m i s s i o n  o p e r a t i o n s .  Below are  d e s c r i b e d  
t h e  s p e c i f i c  command problems r e p o r t e d  d u r i n g  t h e  m i s s i o n .  

A t  t i m e s ' t h e  seemingly  

4.1 TEX - A l l  Revs. - D e f e c t i v e  FRW-2 Modula tor  

Dur ing  a l l  p a s s e s ,  TEX No. 2 t r a n s m i t t e r  was ''Red" f o r  
a d e f e c t i v e  modu la to r ,  a p p a r e n t l y  caused  by o v e r h e a t i n g .  The 
s i t e  c o n f i g u r a t i o n  was such t h a t  1 0  KW o p e r a t i o n  was c o n t i n u e d  
s i n c e  e i t h e r  FRW-2 t r a n s m i t t e r  c o u l d  feed e i t h e r  240  D power 
ampl i f i e r .  (Refe rence  1 0 ,  Page 6-5) 
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4 . 2  CNV - A l l  Revs.  - Backup 240  D Power A m p l i f i e r  "R.ed" 

The command d e s t r u c t  b u i l d i n g  a t  CNV (Cape Kennedy) 
r e p o r t e d  backup 240 D power amp1i f ie r"Red"f rom 2 2 / 1 9  : 0 7  u n t i l  
m i s s i o n  t e r m i n a t i o n .  S i t e  c o n f i g u r a t i o n  i s  such  t h a t  any of  
f o u r  FRW-2 t r a n s m i t t e r s  can f e e d  e i t h e r  240 D and m a i n t a i n  
h i g h  power u p l i n k .  (Refe rence  1 0 ,  page 5-6)  

4 .3  HAW - Rev. 2 - P r i m e  2 4 0  Power A x a l i f i e r  F a i l e d  

A t  HAW, j u s t  p r i o r  to r e v o l u t i o n  2 ,  t h e  pr ime 240 D 
2 -. - .__^ 

~ d i i i e  up Oi? t h z  l i n e  a u t o m a t i c a l l y .  The No. 1 unit w a s  
b r o u g h t  up and s t a y e d  up as  s t a n d b y  w i t h c u t  f a i l u r e .  No 
a p p a r e n t  r e a s o n  i s  known f o r  t h e  f a i l u r e ,  b u t  no data  were 
lost, and o p e r a t i o n  c o n t i n u e d  no rma l ly  t h r o u g h  m i s s i o n  term- 
i n a t i o n .  ( R e f e r e n c e  1 0 ,  page 6-5)  

4 . 4  ANT/MIL - Rev. 3 - Commands Attempted With Carrier 
Down 

During Rev. 3 ,  MIL u p l i n k e d  two S-IVB words abou t  5 
and  15  seconds  a f t e r  t h e  UHF c a r r i e r s  a t  MIL were b rough t  
down. These  two commands were u p l i n k e d  t h r o u g h  t h e  t r a n s -  
m i t t e r  a t  AMT, which was up. However, t h e  t e l eme t ry  v e r i f i -  
c a t i o n  l o o p  th rough  MIL was i n o p e r a t i v e  because  of  TLM LOS. 
Consequen t ly ,  t h e r e  was no v a l i d  ground l o o p  or b o o s t e r  
v e h i c l e  a c c e p t a n c e ,  and r e j e c t s  were r e c o r d e d .  T h i s  i s  con- 
sidered a prczedurzl e r r o r  a n d  sh01.1ld h e  overcome as m i s s i o n  
e x p e r i e n c e  i s  g a i n e d .  

Re fe rence  13 d a t a  i n d i c a t e s  t h a t  on t h i s  p a s s  t h e  
ground command equipment  i n p r o p e r l y  d i s p a t c h e d  seven  ( 7 )  
mode words to t h e  SIVB/IV i n s t e a d  o f  d a t a  words.  T h i s  would 
imply a d e f e c t  i n  t h e  hardware or s o f t w a r e  area r a t h e r  t h a n  
a r o c e d u r  / e x p e r i e n c e  problem. ( R e f .  10, page 6-7) ( R e f .  13,  
TaEle 15-17 

4.5  MIL-Rev. 3 - R e j e c t s  Because o f  Low S i g n a l  S t r e n g t h  

During Rev. 3 ,  MIL u p l i n k e d  5 LM 22-b i t  words.  The 
f i v e  LM a t t e m p t s  r e s u l t e d  i n  two s p a c e c r a f t  r e j e c t s .  The 
command h i s t o r y  i n d i c a t e s  a v a l i d  ground l o o p ;  it a p p e a r s  t h e  
s p a c e c r a f t  r e j e c t s  a r e  a t t r i b u t a b l e  to a d e c r e a s e  i n  t h e  space-  
c r a f t  UHF r e c e i v e r  s i g n a l  s t r e n g t h .  An a n a l y s i s  o f  t h e  s i g n a l  
l e v e l s  shows t h e  f o l l o w i n g :  

Time-GMT COMMAND 

01: 58 :21 DCA Test-35140000 

01: 58: 35 D C A  Test-35140000 

02:01:07 DCA T e s t -  35 1400 0 0 

S i g n a l  S t r e n g t h  
-109 dbm 

-106 dbm 

-92 dbm 

MAP 

No 
- 

No 

Yes 
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The nominal  r e c e i v e r  s e n s i t i v i t y  i s  -93  dbm, and 
t h r e s h o l d  i s  -99 dbm. The t a b u l a t i o n  above s u p p o r t s  t h e  
a s sumpt ion  t h a t  t h e  s i g n a l  s t r e n g t h  was below t h r e s h o l d  and 
r e j e c t s  may b e  e x p e c t e d .  (Reference  1 0 ,  page 6-71 

4 . 6  DICC-H - Xev. 1 - Computer I n p u t  l '4u l t ip lexer  (CTlY)  

RTC r e p o r t e d  two computer  i n p u t  m u l t i p l e x e r  ( C I M )  
f a i l u r e s  a t  2 2 4 6  Z. They d i d  n o t  harm t h e  s y s t e m  o r  c a u s e  
e r r o n e o u s  o u t p u t s  of  e x e c u t e s .  The C I M  i n p u t s  were conf i rmed  
e r r o n e o u s  by CCATS CMD h igh  s p e e d  p r i n t e r ,  l i g h t  l o g i c ,  F r a n k l i n  
p r i n t e r s ,  1 2 1 8  h i s t o r y  and CP d e l o g .  ( R e f e r e n c e  1 2 ,  page  15) 

4 . 7  CRO-P.ev. 3 ,4  -Re jec t s  ' o c c a s i o n e d  b y  Poor S i g n a l  Strength 

During r e v .  3 ,  s i x  r e j e c t s  o c c u r r e d  w h i l e  t h e  s p a c e c r a f t  
UHF r e c e i v e r  s i g n a l  s t r e n g t h  was v a r y i n g  between - 1 0 1  dbm and -105 
dbm. R e j e c t s  are  a t t r i b u t e d  to m a r g i n a l  s i g n a l  s t r e n g t h .  Dur ing  
a command sequence  on r e v .  4, one s p a c e c r a f t  r e j e c t  a p p e a r e d .  The 
s i g n a l  s t r e n g t h  d u r i n g  a good command was - 70 dbm; 1 0  seconds  
l a t e r ,  t h e  l e v e l  was -103 dbm, and a s p a c e c r a f t  r e j e c t  was r e c o r d e d .  

These a b r u p t  changes of abou t  30 - 40 db i n  s p a c e c r a f t  
r e c e i v e d  UHF s i g n a l  s t r e n g t h  were d e t e c t e d  t h r o u g h o u t  t h e  m i s s i o n .  
Corresponding  changes d i d  not  o c c u r  i n  t h e  ground r e c e i v e d  s i g n a l  
s t r e n g t h  from t h e  VHF d a t a  t r a n s m i t t e r s  which shared t h e  same two 
a n t e n n a s  th rough  a d i p l e x e r .  These a b r u p t  changes i n  received 

below t h e  message a c c e p t a b l e  t h r e s h o l d .  Consequent ly ,  command 
t r a n s m i s s i o n  had t o  b e  d? layed  or r e p e a t e d .  F i g u r e  5 shows 
t y p i c a l  s i g n a l s .  

- i , !_ , .~ep -~ f Z ~ ~ q ~ ~ ~ , t 1 ; ;  , ~ a ~ s ~ ~  r c c e i ' g e d  coj?;niarid s i g i i a l  power t o  b e  

The r e c e i v e d  s i g n a l  power v a r i a t i o n s  are  c o n s i s t e n t  
w i t h  a n  i n t e r m i t t e n t  c o n d i t i o n  i n  e i t h e r  t h e  d i g i t a l  command 
assembly  RF s t a g e ,  t h e  c o a x i a l  c a b l e  assembly c o n n e c t i n g  t h e  
d i p l e x e r  and d i g i t a l  command a s s e m b l y ,  or i n  t h e  i n t e r n a l  d i p l e x e r  
c o n n e c t i o n s .  (Reference 1 0 ,  g a g e  6 - P )  

4 . 8  CRO-Rev. 5 - R e j e c t s  Caused b y  PCPI TLM Droputs  or 
Mu 1 t i p a t  h 

Nine s p a c e c r a f t  r e j e c t s  o c c u r r e d  on r e v .  5 .  F i v e  ( 5 )  
of t h e s e  may have been due t o  t e l eme t ry  s i n c e  s t r i p  c h a r t  records 
show d r o p o u t s  d u r i n g  t h e s e  t i m e  p e r i o d s .  The  o t h e r  4 command 
r e j e c t s  o c c u r r e d  d u r i n g  p e r i o d s  o f  good s i g n a l  s t r e n g t h ;  however,  
t h e  maximum e l e v a t i o n  a n g l e  was a b o u t  3 .6"  and s l a n t  r ange  was 
a b o u t  1700 n .  mi l e s .  Thus r e j e c t s  may have  been  caused  by  
m u l t i p a t h  e f f e c t s .  (Reference  10, page  6-81 
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4.9 HAW-Rev. 4 ,  5 - Command R e j e c t s  Caused by Low S i g n a l  
S t r e n g t h  and /o r  M u l t i p a t h  

A t  t h e  b e g i n n i n g  of r e v .  4 ,  a 1 2 - b i t  RTC was u p l i n k e d  
n i n e  t imes b e f o r e  s p a c e c r a f t  a c c e p t a n c e .  A s u b s e q u e n t  RTC was 
a l s o  u p l i n k e d  t h r e e  times b e f o r e  a c c e p t a n c e .  Throughout  t h i s  
p e r i o d ,  t h e  s p a c e c r a f t  s i g n a l  s t r e n g t h  was v a r y i n g  r a p i d l y  f rom 
-104  dbm t o  -94 dbm. The e l e v a t i o n  of t h e  s p a c e c r a f t  r o s e  f rom 
4.0° a t  f i r s t  u p l i n k  t o  6.14O d u r i n g  t h e  l a t t e r  a t t e m p t s ,  and 
m u l t i p a t h  may have a f f e c t e d  the  u p l i n k  commands. 

A t  t h e  beginning of  r e v .  5 ,  commands were a t t e m p t e d ,  
and  one s p a c e c r a f t  r e j e c t  o c c u r r e d .  The r e c e i v e r  s i g n a l  s t r e n g t h  
was approx ima te ly  -89 dbm, and t h e  s p a c e c r a f t  e l e v a t i o n  was 
approx ima te ly  4.6O. It i s  p o s s i b l e  t h a t  h e r e ,  t o o ,  t he  r e j e c t s  
were t h e  r e s u l t  o f  m u l t i p a t h  e f f e c t .  La ter ,  d u r i n g  t h e  same p a s s ,  
f o u r  s p a c e c r a f t  r e j e c t s  were n o t e d ,  w h i l e  v a l i d  ground l o o p s  were 
r e g i s t e r e d .  (Refe rence  10, page  6-81 

4.10 TEX - Rev. 5 - Command At tempts  With Carrier Off 

MSC t r i e d  two u p l i n k s  d u r i n g  Rev. 5 e v e n  though  no 
"GO f o r  Command" was g i v e n .  A t  t h i s  t i m e  there  was no command 
c a r r i e r  up and no s o l i d  TM. T h i s  p r o c e d u r e  d i d  n o t  c a u s e  any 
anomal i e s  i n  t h e  m i s s i o n  p l a n ,  however.  (Re fe rence  1 0 ,  page  6-9)  

There was p ro longed  f a u l t i n g  o f  t h e  t e l e m e t r y  computer  
on t h e  Reds tone  ( s i x  f a i l u r e s ) ,  Because o f  t h b ,  RED s u p p o r t e d  
t h e  f i r s t  p a s s  w i t h  t h e  CMD 6 4 2  B computer o n l y .  For t h e  second  
p a s s ,  RED was a d v i s e d  t o  l o a d  t h e  t e l e m e t r y  program i n  t h e  command 
computer and v i c e  v e r s a .  S ince  t h e  TLM computer  s t i l l  f a u l t e d  
w i t h  t h e  command program, RED s u p p o r t e d  p a s s e s  2 and 3 w i t h  
t e l e m e t r y  o n l y ,  and pass 4 i n  a command c o n f i g u r a t i o n ,  and d i d  
n o t  s u p p o r t  p a s s  5 and subsequen t .  The f a u l t  was t r a c e d  t o  a n  
e r r o r  made i n  t h e  t e l e m e t r y  computer  d u r i n g  t h e  i n s t a l l a t i o n  o f  
E 1  2396. The E 1  conce rns  the Erasable Memory Un i t  ( E M U ) .  The 
c l o c k  phase t i m i n g  was wired  i n c o r r e c t l y  i n  c h a s s i s  A 7 .  A 
w i r i n g  c o n n e c t i o n  was made t o  a t e r m i n a l  w i t h  p l u s  1 5  v o l t s  
i n s t e a d  o f  t h e  minus 4 . 5  v o l t s  r e q u i r e d .  ( R e f .  1 0 ,  page  6-3) 
( a n d  R e f .  11, page  1) 
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4 . 1 2  CYI-Rev. 1 - Command H i s t o r y  L o s t  Because o f  Command 
computer Lockout Prom M u l t i p l e  I n p u t /  
Output  Hequest  s 

C Y 1  s u f f e r e d  a command computer l o c k o u t  j u s t  a f t e r  REV 
1 LOS, a p p a r e n t l y  from m u l t i p l e  i n p u t / o u t p u t  r e q u e s t s .  The s i t e  
r e p o r t s  a sequence  of e v e n t s  a t  LOS a s  f o l l o w s :  

23:12:02 C Y 1  TLM DECOM LOS 

23:13:  0 6  MSC r e q u e s t e d  CMD h i s t o r y  

6 0 0 1  l o a d  ( l i f t o f f  t i m e  u p d a t e )  
r e c e i v e d  from MSC 

(6 VAL'S t r a n s m i t t e d )  

23 : 1 3  : 06+ Command computer went i n t o  l o o p  

During t h i s  t ime ,  MSC q u e r i e d  t h e  s i t e  i f  t h e y  had 
r e c e i v e d  a Type I1 S-IVB command h i s t o r y  r e q u e s t .  
n e g a t i v e l y  and a t t e m p t e d  CAM 215 (S-IVB C m d .  H i s t . )  b u t  t h e  
computer  was s t i l l  i n  a loop  w i t h  all i n t e r r r u p t s  l o c k e d  o u t ,  A 
s i m i l a r  f a u l t  o c c u r r e d  i n  t h e  TLM computer .  The CMD computer  was 
s u b s e q u e n t l y  r e l o a d e d ,  but t h e  S-IVB command h i s t o r y  c o u l d  n o t  
be r e c o v e r e d .  Normal o p e r a t i o n  was resumed. T h i s  sequence  i s  
b e i n g  i n v e s t i g a t e d  b y  Network Computing Branch ,  Manped F l i g h t  
n 7Jr lgineer ing D i v i s i = n ,  f o r  p o s s l a ~ e  . .  - r;et;cz;rk effect. j ~ e f e ~ e r i ~ e  10, 

page 6-4) (Refe rence  11, page 292 

The M&O r e p o r t e d  

- 

4.13 MCC-H-A11 Revs - Polynomia l  B u f f e r  Te rmina l  (PBT)  
Hang-ups 

PBT o u t p u t  hang-ups o c c u r r e d  1 4  times on t he  s t a n d b y  
sys t em and 11 times on t h e  o n l i n e  s y s t e m .  The P B T ' s  were 
manua l ly  c l e a r e d  and were r e i n i t i a l i z e d  w i t h i n  t e n  s e c o n d s  of 
e a c h  o c c u r r e n c e .  It i s  b e l i e v e d  t h a t  t h e  problem was hardware  
r a t h e r  than s o f t w a r e .  Work i s  now i n  p r o g r e s s  t o  modify t h e  
PBT's by Februa ry  1 0 ,  1969.  The m o d i f i c a t i o n  w i l l  g i v e  each  
PBT a n  i n d i v i d u a l  1/0 channe l  t o  i n t e r f a c e  w i t h  t h e  CP ' s ,  t h u s  
e l i m i n a t i n g  t h e  s c a n n e r  s e l e c t o r  on t h e  PBT t o  CP i n t e r f a c e .  
(Refe rence  11, page 2) 

- 
4 . 1 4  C s Q f i E V  395 - 1218 Computer F a u l t i n g  Due t o  Wir ing  

Shor t  

During r e v .  3 and p o s s i b l y  r e v .  5 a t  AOS,  t h e  CSQ 
1218 program f a u l t e d .  The C S Q  r e c y c l e d  i t  b u t  a g a i n  i t  f a u l t e d .  
The CSQ r e l o a d e d  and was o p e r a t i n g  a g a i n  a t  Rev. 3 LOS. The 
problem was a t t r i b u t e d  t o  t e s t  p o i n t  w i r i n g  s h o r t i n g  t o  an  i n p u t  
i n d i c a t o r  r e g i s t e r  caused  b y  t h e  ship's v i b r a t i o n .  (Refe rence  1 2 ,  
page  551 
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4.15 GSFC-A11 REVS - S t a t i o n  Communication L ine  T e r m i n a l s  
( C L T ' S )  Not P r o p e r l y  P a t c h e d  - Loss 
of Loads 

S e v e r a l  s t a t i o n s  r e p o r t e d  r e c e i p t  of  low-speed l o a d  
NBR ~ O X X ,  l i f t o f f '  t i m e ,  b u t  no h i g h  s p e e d  l o a d .  T h i s  was p r o b a b l y  
due t o  t h e  s t a t i o n  communications l i n e  t e r m i n a l s  ( C L T ' s )  n o t  b e i n g  
p a t c h e d  a t  GSFC. 
w i t h o u t  low-speed E n g l i s h  T r a n s l a t i o n  ( E T ) .  Re fe rence  1 2 ,  page  56 
and Refe rence  11, r a g e  28 

Other  s t a t i o n s  r e c e i v e d  h i  h speed  l o a d  60XX ? 

416. MCC-H/RS'S-A11 REVS- P;oblem i n  T r a n s m i t t i n g  C o m m a n d d s  
between MCC-H and Remote S i t e s  

There  wcr'e 378 u p l i n k  r e q u e z t s  e x e c u t e d  f o r  t h e  Space- 
c r a f t  o r  Launch Veh ic l e  d u r i n g  p r e l a u n c h  and m i s s i o n .  
o f  t h e s e  were i s s u e d  b e f o r e  l i f t - o f f  and 290 p o s t  l a u n c h .  
f i v e  o f  t h e s e  f a i l e d  t , ~  ge t  t o  t h e  remoted s i t e .  One was 
e x e c u t e d  d u r i n g  a i'BT hang up ,  t h r c e  a re  s u s p e c t e d  t o  have 
o c c u r r e d  when t h e  Wide Band da t a  l i n e  was a t t e m p t i n g  t o  f a i l  
o v e r  t o  t h e  a l t e r n a t i v ?  l i n e ,  and one loss o f  an e x e c u t e  r e q u e s t  
i s  u n e x p l a i n e d .  

E i g h t y - e i g h t  
Only 

During p r e l a u n c h  and m i s s i o n ,  t h e r e  were 36 l o a d s  t r a n s -  
f e r r e d .  T h e  RT(:C: wnpra l - ed  3 2  I n a d s ,  4 f o r  p r i m e  site only, 2 2  
for prime and backup s i t e s  and 1 (GMTLO) f o r  a l l  s i t e s .  CCATS 
Manual E n t r y  Device (PIED)  .was ilsed t o  gei-ierate four loads, two 
f o r  pr ime s i t e  o n l y ,  a n d  two for pilime and backup s i t e s .  On 11 
o c c a s i o n s ,  a s i t e  d i d  n o t  r e c e i v e ,  or r e j e c t ,  t h e  HSD l o a d .  For 
f i v e  of t h e s e ,  t h e  l o a d  was r e t r a n s m i t t e d ,  once by RTCC and  f o u r  
t imes from CCATS. E i g h t  l o w  speed  E T ' S  were no t  o u t p u t  f rom 
MCC ( s i x  GMTLO and two 3 8 0 1 ) .  One ET was n o t  r e c e i v e d  a t  t h e  
s i t e ,  as TTY l i n e  checks were i n  p r o g r e s s  a t  t h e  t i m e  t h e  l o a d  
was t r a n s f e r r e d .  (Refe rence  1 2 ,  page  2 8 )  

4.17 CRO-REV 5 - Wide Band D a t a  L ine  Dropouts  

Three  and p o s s i b l y  f o u r  u p l i n k  r e q u e s t s  from MCC-H 
t o  CRO f a i l e d  t o  r e a c h  t h e  s i t e .  These i n c l u d e d  t h e  commands 
V,  6 ,  7 ,  and 5 .  The s u s p e c t e d  c a u s e  i s  wide band da ta  d r o p o u t .  
(Re fe rence  11, page 78)  
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4 .18 .  S e v e r a l  S i t e s t  Revs. - Command Upl ink  O p e r a t i o n a l  
Problems 

The f o l l o w i n g  i s  a s y n o p s i s  o f  t h e  o p e r a t i o n a l  problems 
e x p e r i e n c e d  i n  commanding t h e  l u n a r  module on t h e  AS 204 - LM 
m i s s i o n .  These problems i n  t o t o  gave r i s e  t o  q u e s t i o n s  as t o  
t h e  t r a f f i c  h a n d l i n g  c a p a b i l i t i e s  o f  t h e  command sys t em.  

CRO-REV 3 

POST CRO LOS-REV 3 

CONUS-REV 3/4 

CSQ-REV 5 

CRO-REV 5 

HAW-REV 5 

There  was i n s u f f i c i e n t  s t a t i o n  
pass time t o  comple te  DPS-1 b u r n  
phase  ( I f  t h i s  had been  d e c i d e d  
on f o l l o w i n g  p rema tu re  DPS-1 
shutdownj .  

MCC p r i o r i t i e s  o f  m i s s i o n  
a l t e r n a t i v e s  were s t r o n g l y  based 
on p r e d i c t e d  low e l e v a t i o n  p a s s e s  
which c o u l d  c a u s e  commanding 
problems.  

A l t e r n a t i v e  m i s s i o n  p l a n  L was 
abandoned i n  p a r t  because  o f  t h e  
dange r  a t  p r e d i c t e d  low e l e v a t i o n  
a n g l e s  o f  f a i l u r e  t o  g e t  i n  
command t o  t e r m i n a t e  DPS-2 burn .  

I n  p a r t  because  of r e j e c t s  i n  
mass upda te  commands, n e c e s s i t a t i n g  
commands manual ly  one a t  a t i m e ,  
t h e r e  was i n s u f f i c i e n t  t i m e  t o  
t r a n s m i t  t h e  f o l l o w i n g  commands 
(Requ i red  f o r  d e s i r e d  PRA Sequence ) :  

. I n c r e a s e  deadbands 

. APS-2 t a r g e t  u p d a t e  

. Timer u p d a t e  

During APS-2 bu rn  i t  was des i r ed  
t o  i n h i b i t  t h e  c l o s u r e  o f  a n  
i n t e r c o n n e c t  v a l v e ,  i n  o r d e r  t o  
m a i n t a i n  a t t i t u d e  c o n t r o l .  However, 
t h e  t i m e  slot f o r  t h i s  command 
o c c u r r e d  1 2  seconds  a f t e r  HAW LOS 
and i t  was n o t  r e c e i v e d .  
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There  was i n s u f f i c i e n t  s i t e  
cove rage  p r e d i c t e d  f o r  u p d a t i n g  
t h e  LM and  p e r f o r m i n g  t h e  APS 
d e p l e t i o n  b u r n  phase  ( E x e c u t i o n  
under  PGNCS c o n t r o l )  on REV 6 
o v e r  HAW. 

5 .0  AS-204 LM-1 Summary 

The command system e x p e r i e n c e  on AS 204/LM-1 can  b e  
summarized as f o l l o w s :  

5 . 1  AS-204/LM-1 Performance Summary 

36 . Command l o a d s  g e n e r a t e d  @! MCC-H 
( P r e l a u n c h  and M i s s i o n )  . Command l o a d s  n o t  r e c e i v e d  or 

. Command l o a d s  r e t r a n s m i t t e d  

11 

5 
r e j e c t e d  

. Upl ink  r e q u e s t s  g e n e r a t e d  @! MCC-H 378 

. Uplink r e q u e s t s  n o t  r e a c h i n g  5 
( P r e l a u n c h  and M i s s i o n )  

remote  s i t e  

. Command words u p l i n k e d  - LM . Command words r e j e c t e d  - LM 
686  

32 

. Comrnand rzrords u p l i n k e d  - SIVB 1 4  . Command words r e j e c t e d  - S I V B  7 

5 . 2  AS-204/LM-1 Hardware F a i l u r e s  

. Wide band d a t a  c i r c u i t  ( d r o p o u t s )  . FRW - 2 modula tor  . 2 4 0 D  power a m p l i f i e r  . 240D power a m p l i f i e r  . 6 4 2 B  computer ( w i r i n g  e r r o r )  

. Poly b u f f e r  t e r m i n a l  (hang-ups)  
, 1218 computer ( w i r i n g  s h o r t )  
, Computer i n p u t  m u l t i p l e x e r  ( C I M )  . UHF RF connec t ion  t o  d i g i t a l  

command assembly ( p r o b a b l e )  

-CRO 
-TEX 
-CNV 
-HAW 
-RED 

-Mcc-H 
-CSQ 
-MCC-H 

-LM SPACECRAFT 
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5.3 AS-204/LM-1 Command System and Procedural Problems 

. Rejects because of low and varying 

. Rejects because of TLM dropouts or 

. Command attempted at low 

. Commands attempted with carrier 

. Commands attempted with carrier 

. Command computer lockout from 

UHF signal strength 

mu1 t ip a t h 

elevation angle 

dc?wn 

down 

multiple 1/0 requests - CMD history 
lost . Communication line terminals (CLT's) 
improperly patched . Transmission path interruptions on 
loads and uplink requests to remote 
sites 

(insufficient time for desired 
vehicle commands) 
constrained mission operations 

. Station coverage limitations 

-NUMEROUS 
STATIONS 
CRO HAW 

CRO, HAW 

ANT/MIL 

-TEX 

-CY1 

-GSFC 

-MCC-H/RS 

CONUS, CRO, 
HAW 
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